UNCLASSIFIED 

tn  408  865 

j 

DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formilated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


AO  Ko.__ _  40886 

DDC  file  copy 


OTSt  63*21949 


JPRSl  19,400 
29  Hay  1963 


VHF  COMMUNICATIONS  IN  AIR  TRANSPORTATION 

by  Karel  Zavodaky 
-  Czechoslovakia  - 


4  08  86  5 


DDC 


JULlS  t* 


_lbO  v  ^ 

U.  S.  DSFARTMENT  OF  COMMERCE  TIS1A  B 

OFFICE  OF  TECHNICAL  SERVICES 

JOINT  FURUCATIONS  RESEARCH  SERVICE 
•ulMlnv  T-30 

OMo  Drive  mi  tnRaRandenre  Aveov,  xW. 
Wmhinftan  25,  D.  C. 


Price i  6*30 


Best 

Available 

Copy 


*  '  » 


FOREWARD 


This  publication  wan  prepared  under  contract  for  the 
Joint  Publications  Research  Service  as  a  translation 
or  foreign-language  research  service  to  the  various 
federal  government  departments. 

The  contents  of  this  .material  in  no  way  represent  the 
policies,  views  or  attitudes  of  the  U.  S.  Govc”nment 
or  cf  the  parties  to  any  distribution  arrangement. 


PROCURET'FFNT  OF  JPRS  REPORTS 


All  JPRS  reports  may  be  ordered  from  the  Office  of  Technical 
Services.  Reports  published  prior  to  1  February  1963  can  be  provided, 
for  the  most  part,  only  in  photocopy  (xerox).  Those  published  after 
1  February  1963  will  be  provided  in  Drinted  form. 

Details  on  special  subscription  arrangements  for  JPRS  social 
science  reports  will  be  provided  upon  request. 

No  cumulative  subject  index  or  catalog  of  all  JPRS  reports 
ha3  been  compiled. 

All  JPRS  reports  are  listed  in  the  Monthly  Catalog  of  U.  S. 
Government  Puhlj  •■-tjons,  available  on  subscription  at  $4.50  per  year 
( |6.00  foreign),  including  an  annual  index,  from  the  Superintendent 
of  Documents,  U.  S.  Government  Printing  Office,  Washington  25,  D.  C. 

All  JPRS  scientific  and  technical  reports  are  cataloged  and 
subject-indexed  in  Technical  Translations,  published  semimonthly  by 
the  Office  of  Technical  Services,  and  also  available  on  subscription 
($12.00  per  year  domestic,  $16.00  foreign)  from  the  Su  perlntendent 
of  Documents,  Semiannual  indexes  to  Technical  Translations  «re 
available  at  additional  cos'  . 


JPRSs  19,480 


VHF  C01Z  Uttf  CATIONS  IN  All  TRANSPORTATION 
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/Following  is  a  translation  of  an  article  by  engineer  Karel 
Zavadsky  in  the  Czoch-languago  periodical  LotooKy  Obzor 
(Air  Review),  No  12,  ft\a;;uo,  Docenbor  1962,  pp  390-39<!./ 


The  use  of  clectrona£;netic  waves  for  communications  to  tv;  ~n  tho 
crc.7  of  an  aircraft  and  ground  stations  actually  is  tho  oldost  use  of 
radiotechnology  in  aeronautics*  For  this  reason  the  technological  pro¬ 
cess  and  fom  of  such  communication  changed  with  the  development  of 
radio  engineering  and  tho  expansion  of  aviation. 

The  oldest  communication  dcvcloprcntnlly  ms  on  long  waves.  Radio 
engineering  of  long  raves  was  nastcred  first,  the  spread  of  long  waves 
also  is  the  nost  regular.  Sinco  the  frequency  band  of  long  raves  is  com¬ 
paratively  narrow  it  is  practically  irapossi  lo  to  use  phonics  which 
would  port-lit  communication  with  but  a  snail  number  of  stations.  Tele¬ 
graphy  tharoforo  ras  used  which,  however,  requires  longor  and  more  ex¬ 
pensive  training  of  employees.  A  disadvantage  of  long-wnvo  conmunio- 
ations  also  aro  strong  atnosphoric  disturbances  vMch  can  make  corriunic- 
ations  during  a  thundorstom  practically  impossible.  Thoroforo,  follow¬ 
ing  later  developments  in  radio  engineering  tho  uso  of  short  wavos  was 
introclucod  for  communications  botwoon  an  aircraft  and  the  ground.  On 
short-wave  bands  atnosphoric  disturbance  is  sr.mll.  However,  tho  radius 
of  the  ground  rave  which  can  bo  countod  in  under  any  circumstances  de¬ 
creases  rapidly  with  a  growing  froquoncy.  On  tho  othor  hand,  it  is  pos¬ 
sible  to  attain  comnunicati  >n  by  short  wavo  for  long  distanoos  using 
vory  small  output,  by  utilizing  tho  rcvorborafeLon  of  raves  from  the  iono- 
sphoro.  For  this  oonnunic*'tion,  however,  tho  correct  froquoncy  must  bo 
solectod  vdth  a  view  to  tho  location  and  tine  of  communications  and  the 
conditions  of  spread.  Radio  ooariunic'’tion  on  short  wavos  in  ncronnu- 
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tios  is  usod  in  two  wnysi 

-  for  connuni cations  for  shert  distances  (within  the  aroa  of  an 
airport,  at  tho  nost  vdthin  the  scope  of  a  district)  a  fjround  wave  is 
utilized,  communication  is  always  phonicj 

-  for  long  distance  communications  rovorboration  of  vr.vos  fron 
the  ionosphorc  is  usod.  Connunications  to  date  vrero,  for  the  nost  part, 
carried  out  telegraphic  .lly,  but  lntoly  phonics  havo  also  boon  usod  vhich 
plaoc3  fewer  donan ’s  on  tho  orow. 

However,  tho  short  mvc  ’'and  is  overloaded  by  broadcasting,  con- 
nercinl,  doa,  Military  and  other  typos  of  stations.  Under  pood  condi¬ 
tions  of  diffusion  oven  weak  and  renote  stations  can  be  heard  well  and 
frequent  'disturbances  arc  the  result.  In  addition  tho  capacity  of  aero¬ 
nautical  shirt-rave  bands  is  insufficient  for  the  number'  of  channols 
to  satisfy  the  noeds  of  intensive  aircraft  operations. 

All  these  reasons  led  to  the  over  increasing  use  in  aviation  con- 
nu  -dcations  of  very  short  raves  in  the  past  few  years,  and  today  alnost 
all  aeronautical  radio  communications  are  carried  out  on  VHF  bands  which 
results  in  a  nunber  of  operational  and  technical  advantages.  Reception 
on  VI IF  ban' Is  is  alnost  without  any  atm  spheric  disturbances  even  r/hon  in 
tho  innodiato  vicinity  of  electrical  stomS.  serial  VHF  bands  are  suf¬ 
ficiently  wide  (today  116  to  136  2 Hz)  so  that  even  when  using  phonics  it 
is  possible  to  operato  nany  communication  channels  as  roquirod  by  tho 
direction  and  safeguarding  of  an  intensive  aviation  progran.  Antenna 
systems  wre  snail,  light,  and  easily  installed  on  very  fast  aircraft 
’.rLtho ut  excessively  increasing  aorodynanic  resistance,  .et  the  sane  ti.ee, 
such  antennas  work  very  effectively  since  it  is  easy  to  fulfill  tho  rc- 
quironont  that  their  physical  dimensions  bo  comparable  with  at  least  ono 
qunrtor  of  the  wavo  length.  As  far  as  VHF  sprond  is  c  mcernod  the  rule 
noro  or  loss  applies  that  connunication  is  assured  withili  range  of  tho 
direct  wavo,  ilo.  within  a  radius  slightly  larger  than  tho  optical  aroa 
around  tho  locati  n  of  tho  transnittor  antenna.  In  connunications  bot- 
woen  ground  stati ;ns  tho  reach  of  connunications  would  bo  very  snail,  but 
in  an  aerial  movable  sorvico  whore  the  aircraft  always  is  one  of  tho 
stations,  the  communications  rnngo  is  accoptablo  and  doponds  primarily 
on  tho  height  of  the  aircraft.  For  conriunicatims  for  longer  distances 
it  is  necessary  to  install  a  lor;  or  number  of  ground,  stations,  but  on  tho 
other  hand  this  pomits  rectilinear  broadcasting  of  VHF  where  several 
stations  can  work  undisturbed  on  a  single  channel,  provided  the  distance 
between  aircraft  which  communicate  tdth  these  stati >ns,  is  greater  than 
tho  rnngo  of  tho  VHF,  The  present  development  of  VHF  technological 
connunications  processes  was  made  possible  by  liio  groat  progress  at- 
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tainod.  by  radio  Qnf^tt&oring  in  the  past  years.  Organization  and  todv- 
nolcgy  of  Vfjy-^Etainod  a  high  degree  of  perfection ,  and  ainco  no  are 
horo  concjj^iod  with  problems  ■which  aro  vory  important  for  the  present 
systoms/6f  direction  and  safeguarding  of  flights  we  give  them  groator 
attention  in  tho  following  paragraphs. 

"^Basio  f^aractoristics  of  VHF  Obmunlcationa,"  , — S>  ~TT 

Qif fusion  of  vory  short  vraves  is  cb  no  according  to  the  sano  prin¬ 
ciples  as  those  for  longer  vravos,  but  certain  spocial  characteristics 
prevail  here  J 

VHF  almost  do  not  bond  at  all,  and  communication  thoroforo  is 
effected  only  by  direct  wavo  tho  roach  of  which  is  limited  by  the  curva¬ 
ture  of  the  earth  surface  and  tho  unevenness  of  tho  terrain.  Approp¬ 
riately,  therefore,  tho  use  of  VHF  is  limited  to  the  nraa  of  optical  vi¬ 
sibility  while  in  the  case  of  longer  vr.vos  copraunicntion  is  oasily  achiev¬ 
ed  far  boyonc!  the  optical  horison.  VHF  wave-!  arc  not  reflected  from  tho 
ionosphere  and  vie  can  thoroforo  not  count  on  Ion;;  distance  communications 
with  the  air  of  a  space  ionos'horic  vnvo.  If  reverberations  from  the 
terrain  -arc  net  prosont  during  connunic''.tion3,  tho  surfaco  and  type  of 
ground,  vegetation  etc.  have  no  influence  .on  tho  VHF  range.  On  the  othor 
hand,  cl  ethical  rroportios  of  low  strata  of  the  atmosphere  na.ko  then- 
dclvos  felt  when  VHF  is  diffused  since  most  communications  arc  carriod 
out  close  to  tho  earth  surfaco  or  undor  low  elevation  anglos. 

Physical  properties  of  tho  atmosphere  (prossuro,  tempera turo,  hu¬ 
midity)  change  with  altitude  and  cause  the  despondence  on  altitude  also 
of  the  electrical  properties  of  the  atro3phcro  (dioloctric  constant). 

As  a  rosult  tho  diffusion  of  electromagnetic  wavos  in  highor  altitudes 
i3  aonovhat  greater  which  nanifoste  itself  by  tho  wave  not  boing  dif¬ 
fused  quite  roctilinoarly  but  boing  curved  gently  toward  tho  oarth  sur¬ 
faco.  To  describe  this  phonomenon  in  another  way,  the  indox  of  atnos- 
phorio  rofraetion  continually  changes  with  altitude  vhich  results  in  a 
continuous  refraction  of  tho  path  of  tho  eloctromarnetic  wave  toward  tho 
Earth.  This  phenononon  evidences  itsolf  by  an  increased  VHF  rango  on  the 
curved  oarth  surfaco  (soo  fig.l).  Xh  say,  thoroforo,  that  tho  VHF  rango 
is  limited  by  the  so-callod  radius  horizon  vhich  is  sonevhat  grontor 
(by  about  1$%)  than  tho  optical  horison.  This  property  therefore  is  fa- 
vorab'lo  but  complicates  tho  analysis  of  a  thoorotical  VHF  rango  according 
to  tho  profilo  of  tho  terrain.  Since  physical  proportios  of  tho  atmos¬ 
phere  chango,  o  specially  chic  to  i.iotoorological  conditions,  tho  curve  and 
range  of  tho  VHF  changes  also.  Thoroforo,  for  tho  sako  of  uniformity  of 
technological  calculations  a  so-c-lled  standard  atmosphoro  is  assumed 
whicli  ropresents  avorngo  va.luos  of  tho  gradient  of  physical  and  cloctric 
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properties.  Since  in  the  plannit^;  of  a  VHP  communications  systaa  it  is 
noro  comfortable  to  draw  the  path  of  an  electromagnetic  wave  above  tho 
torraln  as  a  straight  line,  wo  samowh'.t  inoreaso  tho  radius  af  the  Earth 
in  our  calculations  so  that  too  altitudos  of  individual  points  of  tho 
straight  path  correspond  vdth  suffioiont  accuracy  to  too  altitudos  of  too 
curvod  path  above  the  real  radius.  For  a  standard  atmosphere  this  ad¬ 
justed  so-callod  equivalent  radius  Rq  *  0,500  kn  compared  to  toe  actual 
value  of  the  earth  radius  H  «  6,370  kn. 

Tho  radius  of  the  radial  horizon,  or  diroct  racial  visibility  fron 
a  point  too  , altitude  of  vhich  nbovo  the  earth  is  hi,  is  oxprossod  thus! 

d’  «  ti,12  (km,n)  (1) 

(for  conparisont  size  of  the  optical  horizon  is  do  ■  3.57  ^i). 

I nxinun  distanco  of  comunications  bo two on  trjo  points  at  an  altituflo  of 
hp  and  hj  nbovo  tho  Earth’s  surfaco  is  givon  by  thoir  connecting'  line 
vihich  at  the  sane  tine  is  a  tangent  to  the  earth’s  surface.  It  is  cal¬ 
culated  according  to  tho  formula: 


d  *  h.12  (  %  ♦  yh 2 )  (kn,  n,  n)  (2) 


The  formulae  mentioned  n<ay  bo  derived  fron  geometric  relations 
according  to  figure  2.  For  a  rapid,  calculation  various  nomograms  arc 
used  from  vihich  vie  cite,  in  figure  3,  a  graphic  solution  of  relation  (l) 
and  in  figure  h  a  solution  of  relation  (2).  These  simple  flopondent  cal¬ 
culations  of  course  are  valid  only  for  the  smooth,  round  surface  of  tho 
Earth.  The  actual  range  is  further  United  by  differences  in  altitude 
in  toe  terrain  around  the  stations  and  bctvicen  then.  In  an  ideal  torr.ain 
the  range  of  VHF  communications  botvrocn  a  point  on  Earth  and  an  aircraft 
at  a  certain  altitudo  would  bo  graphically  represented  by  a  circlo  cir¬ 
cumscribed  fron  that  point  ,  and  for  various  -Ititudcs  of  flight  it  vrould 
he  a  systom  of  concontrio  circles  rosonbling  contour  linos.  If,  howovor, 
vie  examine  tho  range  of  VHF  in  the  light  of  torrain  irrogularitios  (this 
i3  dono  by  ascortaining  height  profilos  of  to,,  torrain  fron  a  map,  or  by 
measuring  tho  olevation  angles  of  the  optical  horizon),  those  graphs  arc 
considerably  deformed.  Figure  5  shows  an  oxanplc  of  a  limited,  rango  of 
VHF  communications  at  the  Kosice  airport  fron  which  range  limitations  are 
easily  discernible  which  arc  caused  by  mountain  r-ngos  in  tho  Vfcst,  North 
and  East,  while  in  tho  southerly  direction  viioro  there  is  an  open  land¬ 
scape  the  VHF  range  is  considerably  greater. 
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bhon  planning  .and  allocating  VHF  cor.uaunica.tion  channels  for  ser¬ 
vices  related  to  tho  direction  of  flight  operations  it  is  important  to 
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malco  'auro  that  operations  la  two  directed  areas  workinr;  on  the  some  fre¬ 
quency  ohannol  do  not  lntorforo  with  one  anothor,  and  on  tho  othor  hand, 
that  .distances  between  these  spacos  aro  not  unnoooasarily  pront,  i.o. 
that  tho  froquoncy  channol  be  utilizod  economically.  In  ordor  to  ostab- 
liah  3uch  criteria  of  noopraphical  Separation  it  is  advisable  to  divide 
individual  typos  of  VI IF  communications  into  categories  for  dispatcher 
services,  and  establish  for  thorn  maximum  operational  ranees  as  to  dia- 
tanco  and  altitude.  An  oxnnplo  of  such  a  division  of  sorviceo  into  cato- 
t;oric3  is  qiven  in  the  following  tabloi 

Cato.-rory  Typo  of  Sorvico  Operational  Aanco 

distnneo  altitudo 

r  (km) _ h  (n) 

Airport  dispatcher  sorvico  j  land-  ~ 


A 

inf;  radiolocator;  direction  of 
movonents  at  airport 

•  25 

900 

D 

Approach  dispatcher  sorvico;  area 
radiolocator 

50 

3,000 

C 

Appr,  ’isp.sorv.  fpr  jot  aircraft 
radiolocator'  control 

100 

6,000 

D 

Area  dispatcher  service, 
lovicr  space 

border 

region 

of 

6,000 

E 

Area  dis,serv.-  upper  space 
area  radiolocator 

border 

repion 

of 

12,000 

By  usinn  equation  (l)  it  is  possible  to  calculate  for  tho  alti¬ 
tudes  cited  in  individual  catonorios,  tho  following  ranpos  of  direct 
radial  visibility  j 

h  s  900  n  d  i  125  km 

3,000  u  225  kn 

6,000  n  325  km  *) 

12,000  n  U50  kn 

*)  Adjusto'l  from  320  to  325  to  simplify  final  tablos. 

Tho  minimum  r;eorra  hi  cal  s  operation  of  tvro  ground  stations  opor- 
atinp  on  the  same  froquoncy  must  be  oqual  (accor’.ine  to  fipuro  6)  to  the 
sun  of  operational  ranges  r^  and  r2  and  of  the  ranges  of  direct  radial 
visibility  di  and.  62*  for  various  combinations  of  tho  previously  men¬ 
tioned  categories  it  is  then  posslblo  to  dotorminc  from  those  values  tho 
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minimum  geographic  separations  of  stations  oporatlng  on  the  sane  channel 
froquonoy» 

Tho  division  into  categories  nontionod  abovo  and  tho  resulting 
valuos  of  goographic  separations  r»ro  usod  as  a  basis  when  establishing 
VHP  frequency  plans  during  mootings  of  RVHP  exports  ft- ada  vzajonne  hos- 
podarsko  pomocij  Council  of  IHiturJ.  Economic  ..id/.  Similar  planning 
critoria  wore  worlcod  out  and  utilized  then  sotting  up  area  froquoncy  plans 
of  tho  ICAO. 

It  is  very  difficult  to  ascertain  geographic  separations  for  ad¬ 
joining  froquoncy  channels,  i.o.  determining  the  minimum  distnneos  bot- 
vrocn  ground  stations  operating  on  adjoining  channels  so  that  operation 
nay  be  assuod  without  mutual  interference.  Hore  vra  arc  concerned  with 
tho  transmitter  power,  sensitivity  and  selectivity  of  receivers,  stabi¬ 
lity  of  receivers  and  transmitters,  the  level  of  noise  and  defects, 
directional  effects  of  antennas,  attenuation  during  radiation  of  VHF 
and.  other  a  ’. ’itional  factors. 

Because  theso  problems  arc  so  complicated  criteria  for  adjoining 
channels  have  not  yet  been  internationally  established  for  the  presently 
used  division  of  VHF  flight  band  for  100  kHz.  However,  the  introduction 
of  a 'new  division  of  tho  flight  VHF  band  with  separate  channels  at  £0  kc 
has  force a  r.nro  detailed  stu'ty-  of  this  quostion.  A  tablo  wa.s  vwrko:’. 
out  for  reconnonded  values  for  the  preparation  of  KVHF  frequency  plans 
and  sene  studios  also  wero  submitted  when  the  ICAO  plan  of  frequencies 
vr.s  prepared.  But  bocause  each  one  of  these  calculations  must  be  based  on 
a  nurd or  of  simplifying  prerequisites  which  wore  not  selected  uniformly 
the  results  from  various  sources  aro  rather  differont.  These  problor.13 
pi  ./  howevor  aro  too  oxters  ive  to  be  dealt  with  in  tho  confines  of  this  article. 

I  '  - flystens  of  VHF  Communications  forytong  #jstanco3_  ^ 

Considorallo  operational  advantages  accruing  from  tire  introduction 
of  VHF  into  flirht  connuni  cat  ions  wore  the  reason  xhy  ways  were  boing 
sought  to  use  VHF  also  for  greator  distances  or  for  lover  altitudes  than 
would  correspond  to  tho  rango  of  waves  fron  tho  transmitter  set  up  at  the 
.airport  from  which  tho  operation  is  being  directed.  Determination  of  such 
requirements  is  possible  by  more  or  less  complicated  methods  depending  on 
local  conditions. 

Tiro  situation  is  most  favorable  there  there  is  a  possibility  of 
finding,  noar  the  diroctin. -center  or  in  the  central  part  of  the  territory 
which  is  to  Ixr  cover  j1.  by  VHF  signals,  a  location  for  a  VHF  ground  station 
on  a  dimension  dominating  tho  elevation.  Then  by  simply  using  relation 
(2)  it  is  possible  to  considerably  expand  tho  communications  rango.  Of 
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course  it  is  ossontial  that  tho  roet  of  tho  nroa  bo  lorwr  and  doos  not 
substantially  linit  tho  radial  horizon#  An  example  6f  such  a  location  is 
tho  placement  of  tho  Sofia  airport  stations  on  tho  Vitos  mountain  (2,290c. 
above  son  level)',  or  the  placement  of  tho  stati  >n  for  tho  Berlin-Schone- 
folc!  airport  on  n  mast  of  a  noarby  radio  transmitter. 

Uhorcvor  such  a  sinplo  solution  is  not  pcsaiblo  tho  notwork  of  ro- 
transmittinr;  stations  loentod  on  suitable  dimensions  in  tho  controlled 
•area  so  that  tho  diagrams  of  thoir  covoraqo  mutually  complement  oach  othor. 
Control  and  modulation  siqnals  far  those  stations  most  often  are  brought 
in  by  underground  wire  links,  in  some  cases  by  radio  connections.  The  con¬ 
struction  and  operation  of  such  a  network  arc  vory  oxpensivo.'  AI30  from 
tho  tochnolof'ical  viewpoint  this  system  is  very  demanding.  It  must  be  ox- 
pectod,  after  all,  that  signals  in  some  parts  of  the  area  from  two  or 
more  stations  would  ovorlap.  At  tho  same  time,  thoy  must  all  oporatc  on 
the  sane  frequency  chamol.  If  tho  nominal  frequency  of  tho  carrior  wave 
of  all  transmitters  were  tho  sano  beat  intorforonco  would  be  the  result 
since  due  to  instability  wo  must  ox-poet  displacements  anonq  carrior  fre¬ 
quencies,  and  whore  different  boats  fall  into  tho  acoustical  band  thoy 
make  the  reception  of  modulation  impossible.  This  nattor  therefore  is 
solved  by  purposely  displacing  carrior  frequencies  of  the  stations  of  such 
a  {.round  network  so  that  thoy  will  still  remain  on  the  band  passed  through 
hi{;h.  frequency  circuits  of  tho  receivers  but  tho  resulting  beat  tones  will 
be  so  hiqh  that  t.icy  arc.  not  passed  through  lor;  frequency  circuits  of  tho 
receivers.  At  the  sane  tino  we  must  take  into  c  'nsidcration  the  insta¬ 
bility  of  transmitters  and  receivers  and  nako  sure  that  oven  maximum 
fluctuation  would  n  >t  result  in  tho  received  sipnal  to  outside  of  tho 
passed  hir;h  frequency  band,  or  that  tho  boat  tone  doos  not  penetrate  into 
tho  transferred  low  froquoney  band. 

iloeon.icnd.cd  values  of  selectivity  of  VHF  roccivors  for  presently 
U3cd  so;  •’ration  of  channols  at  100  kc  (according  to  ICAO)  aros 

drop  of  6  dB  during  tuninq  off 

o  A  22.5  ke, 

drop  of  60  dB  durinq  tuninq  off 
0  ♦  CO  kc. 

Tho  transmitted  lo’.7  frequency  band  usually  is  linitod  to  3  to 
3.5  kc.  Under  such  circumstances,  for  oxamplo,  it  is  possible  to  use, 
for  tho  network  of  ground  VHF  stations  a  nominal  carrior  frequency  f0 
•’nd  two  shifted  carrier  frequencies  (fQ  4  11  kc)  and  (f0  -  11  kc).  Ano¬ 
ther  system  uses  a  mutual  shift  of  7*5  kc  so  that  in  one  VHF  ch.annol  it 
13  possible  to  place  as  many  as  five  nr-uind  stations  with  carrior  fro- 
quoncios  fQ,  f0  7  7.5  kc,  f0  -  7,5  kc,  f 0  4  15  kc,  fo  -  15  kc.  This 
method  naturally  placos  {{Teat  demands  on  quality  and  especially  on  tho 


stability  of  tho  VHF  transmitters  used  bat  to  date  is  tho  best  solution 
of  the  problom  mentioned,  ospseially  in  regions  with  a  voriod  terrain. 

However,  this  method  cannot  bo  use.!  14  some  casos  since  it  is  im¬ 
possible  to  place  a  ground  retransmitter  station  to  tho  direction  noodod 
for  VHF  coverage,  for  example  when  establishing  linos  of  flight  across 
the  ocean  or  across  inaccessible  regions.  Elaowhoro  construction  of  a 
ground  network  night  bo  unnecessarily  costly  whon  it  is  a  mottor  of  com¬ 
munications  in  one  direction  onty,  for  instance  in  the  ease  of  a  radial 
flight  path.  In  such  cases  it  appears  noro  advantageous  to  use  another 
system  of  long-distance  VHF  connurd cations  based  on  tho  atmospheric  dif¬ 
fusion  of  strong  VHF  signals  vhich  thus  can  ponotrate  far  beyond  too  ra¬ 
dial  horizon. 


V/hilo  in  previously  mentioned  ensos  the  usual  transmitter  power 
in  grow1.  VHF  stations  ranges  between  5  and  J>0  rntts,  this  direct!  .mal 
long-distance  V1IF  communications  system  utilizes  power  of  several  kilo- 
art  ts.  A  substantial  component  of  toe  system  arc  gigantic  diroctional 
antenna  systems  vhich  multiply  the  power  gain  of  tho  system  in  the  estab¬ 
lished  direction.  Thus  for  example,  equipment  developed  for  these  pur¬ 
poses  by  the  PYE  firm  uses  a  1  kw  transmitter  power  and  an  antenna,  sys¬ 
tem  com;. used  of  0  Yagi-ho  six-olcncnt  antennas  arranged  vertically  ono 
above  the  other.  Gain  of  this  system  is  20  dB  so  that  the  equivalent 
power  in  the  direction  of  radiation  is  100  kw,  a  drop  of  -3  dB  occurs  in 
the  azimuth  sector  of  52  deg.  The  high  gain  of  tho  antenna  together  rdth 
the  use  of  special  receivers  vdth  high  sensitivity  permit  tho  rocoption 
of  signals  of  deck  stations  transmit tin.  •  far  beyond  the  radial  horizon. 

Such  equipment  was  installed  by  the  firm  PYE  for  P.A.A.  at  the  Shannon 
airport  .and.  now  makes  possible  regular  VHF  comnunicatims  on  tho  flight 
path  across  the  North  Atlantic  for  distances  which  are  more  than  tvice 
those  of  tho  radial  horizon. 

At  the  present  time  the  question  of  VHF  long-distance  coverage 
is  being,  intensively  tackled  in  countries  vdth  developed  aviation.  Here 
too  tho  present  unsatisfactory  situation  of  VHF  covcrago  of  flight  areas 
vd.ll  have  to  bo  improved.  The  abovo  informative  summary  indicates  that 
this  is  a  complicated  problem  which  can  bo  solved  in  various  vr.ys,  to  the 
light  of  local  conditions  and  material  and  technological  possibilities. 

-in  important  prerequisite  toich  meanwhile  causes  the  groatost  difficulties 
hero,  is  a  sufficient  number  of  quality  stations,  i.e.  VHF  transmitters 
and  receivers  vdth  tho  noeded  stability,  selectivity,  sensitivity  and  power. 

Sine  j  wo  are  hero  doaling  vdth  urgent  questions  tho  solutions  for 
which  aro  expensive,  difficult  and  time  consuming  it  is  essontial  ovon  now 
to  work  for  the  doopening  of  the  prov.iously  made  introductory  studios 
and  proposals  to  solve  VHF  covorago  in  too  CSSU,  to  ensure  the  necessary 
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preparation  of  plans  and  simultaneously  also  solve  the  queetion 
of  ensuring  suitable  VHP  etatione. 

Pig.  1 


Legend!  t .  Optical  team,  2.  radial  beam 


Fig. 


Maximum  iange  of  7HF  Conmuni cations  Between  Two  Station.*  Located 
at  Altitudes  hi  and  ho  above  the  Larth  Surface. 
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r&c.  3 

Boaograa  to  Calculate  th*  Haag*  of  01 root  Radial  Visibility 
(d)  D*p*nd*at  on  Station  alaration  abor*  th*  garth  Surfao#  (h) 
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Pig.  4 

Roaogram  for  Calculation  of  Maximum  Rang*  of  VH?  Communication*  Be¬ 
tween  Two  Station*  Located  at  Novations  h*  and  h2  Abov*  the  aarth 
Surface  H,<w) 
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Rx'WBp;.*  of  of  Y£?  Grated  by  tflsvatea  Terrain 

'3  button 


frj  i  tne  border  of  the  region 
between  tne  bordern  of  the  region 


Derivation  of  %'ir.i  s-.ua  Geographic  "operation  of  Two  Ground  VII: 
3 tat i one  for  tne  Erection  of  .-'light  Operations 


